Polymorphisms in the promoter regions of cytokine genes may affect their transcription. A T/G substitution at position −330 of the interleukin-2 (IL-2) gene and a T/ C substitution at position −590 of the interleukin-4 (IL-4) gene have been described previously. The −590 (T → C) IL-4 gene polymorphism was associated with asthma and atopy in US and Japanese populations. Population genetics is a useful tool for determination of the biological signiµficance of genetic polymorphisms. The aim of this study was to investigate the frequencies of polymorphisms in the promoter regions of the IL-2 and IL-4 genes in a population from south-eastern Brazil and to compare them with those published for other populations. Allele frequencies were estimated in 114 unrelated individuals from São Paulo State. These subjects had an average age of 41.2 years (± 12.4 years) and the ethnic composition of the sample was: 78.07% Caucasian, 11.4% Black and 10.53% Mulatto. DNA from subjects was extracted from epithelial buccal cells, and the PCR-RFLP technique was employed to investigate the −330 (T → G) IL-2 and −590
Introduction
A single base change polymorphism at position −330 (T → G) in the 5′ region of the human interleukin-2 (IL-2) gene was characterized by John et al. (1998) , who evaluated the frequencies of the T and G alleles in 79 unrelated healthy Caucasians from Manchester, UK. They suggested that this polymorphism could be useful as a marker to diagnose susceptibility to inflammatory diseases. The same polymorphism was investigated in 76 unrelated healthy blood donors from the south-east of England (Reynard et al., 2000) . Rosenwasser et al. (1995) described a T to C single base exchange at position −590 bp from the open reading frame in the interleukin-4 (IL-4) gene. This polymorphism was associated with asthma and atopy in US (Rosenwasser et al., 1995) and Japanese (Noguchi et al., 1998) populations. Studies in UK and Australian families (Walley & Cookson, 1996) and Kuwaiti Arab populations (Hijazi & Haider, 2000) have failed to find such an association.
Knowledge of the frequencies of interleukin polymorphisms in a particular population may also contribute to understanding of the pathogenesis of inflammatory diseases and to determination of susceptibility to diseases (Rosenwasser et al., 1995; Kornman et al., 1997; Lazarus et al., 1997) . To determine the biological significance of genetic polymorphisms, population genetic studies are a useful tool (Faucz et al., 2000) . Genetic polymorphisms can also be used as genetic markers in anthropological analysis (Constans, 1988) .
Brazilians form one of the most heterogeneous populations in the world, with Native American, African and European ancestry (IBGE, 2000) . According to the official Brazilian Census (IBGE), between 1992 and 1999, the racial distribution of the São Paulo population was, respectively: Caucasian, 71.8%; Black, 4.2%; Mulatto, 22.6%; Oriental and Amerindian, 1.5%. The high proportion of Caucasian individuals can be explained by the predominance of European ancestry in the south and south-east of Brazil (IBGE, 2000) . According to CallegariJacques & Salzano (1999) , 58% of the immigrants who arrived in Brazil between 1500 and 1972 were Europeans. The state of São Paulo is located in the south-eastern region of Brazil. Its economy is based mainly on the industrial and commercial sectors, but agriculture is also considerably developed, with the population living predominantly in urban centres (IBGE, 2000) .
The aim of this study was to investigate the frequencies of polymorphisms in the promoter regions of the −330 (T → G) IL-2 and −590 (T → C) IL-4 genes in a population from south-eastern Brazil, and to compare the results with data published for other populations.
Materials and methods
A sample of 114 individuals living in the State of São Paulo were recruited for the study from the patient pool at the Dental Clinic of the Faculty of Dentistry of Piracicaba-UNICAMP. The unrelated subjects had an average age of 41.2 years (± 12.4 years). The majority of the population studied belong to the middle class, and the ethnic composition is: Caucasian 78.07%, Black 11.4% and Mulatto 10.53%.
In concomitant studies, we investigated the relationship of the above polymorphisms with chronic periodontal disease (PD). In those studies the individuals were divided into three groups (control, and moderate and severe PD). Statistical analysis showed no association between the IL-2 and IL-4 polymorphisms and severity of PD when the three groups were analysed separately. In the IL-2 investigation, when individuals of the control and moderate PD groups were pooled and compared to the severe PD group, we found that patients with the T allele seemed to be 1.99 times less likely to develop severe PD (Scarel-Caminaga et al., 2002) . Therefore, in this study, individuals with severe PD were excluded from the IL-2 polymorphism investigation and we performed the analysis in a group of 76 individuals.
DNA was extracted from epithelial buccal cells as previously described (Scarel et al., 2000; . Polymerase chain reaction (PCR) amplifications were carried out in a total volume of 50 µl containing 300 ng genomic DNA, 2 U Taq polymerase, 200 µm of each dNTP, 1 pmol of each PCR primer, 1.5 mm MgCl 2 , 10 mm Tris-HCl (pH 8.3) and 50 mm KCl. To amplify the region of interest in the promoter of the IL-2 gene (GenBank accession number AJ006884) the following primers were used: forward, 5′ TAT TCA CAT GTT CAG TGT AGT TCT 3′, and reverse, 5′ CAT TGT GGC AGG AGT TGA GGT 3′. The forward primer used has been described previously by John et al. (1998) , with T at position −333 altered to C, which creates a restriction site for the enzyme MaeI (C^TAG). The conditions for amplification of the IL-2 gene were one cycle at 95 °C for 2 min followed by 35 cycles at 95 °C (1 min), 59 °C (1 min) and 72 °C (1 min). The restriction fragment length polymorphism (RFLP) analysis for the IL-2 gene was carried out in a 20-µl final volume reaction using 1.5 U MaeI (Boehringer-Mannheim, Mannheim, Germany) and 7 µl PCR product. The reactions were incubated at 45 °C overnight.
The primers used to amplify the IL-4 gene (GenBank accession number M23442) were previously described by Noguchi et al. (1998) . A mismatch was introduced in the forward primer with a T at position −594 altered to G, creating a restriction site for the enzyme AvaII. The following primers were used: forward, 5′ TAA ACT TGG GAG AAC ATG GT 3′, and reverse, 5′ TGG GGA AAG ATA GAG TAA TA 3′. After an initial incubation at 95 °C for 5 min, 35 cycles of 95 °C (1 min), 51 °C (1 min) and 72 °C (1 min) were performed. The reactions were completed by a final extension cycle of 72 °C for 5 min. The digestion of IL-4 PCR products was performed using 1.5 U AvaII and 10 µl PCR product in a 20-µl final volume reaction, incubated at 37 °C overnight.
Statistics
The allele and genotype frequencies were calculated for the −330 (T → G) IL-2 and −590 (T → C) IL-4 polymorphisms by direct counting and then dividing by the number of chromosomes to produce the allele frequency, or by the number of subjects to produce the genotype frequency. The goodness of fit to Hardy-Weinberg equilibrium, calculating the expected frequencies of each genotype and comparing them with the observed values, was performed using a chi-square test (Soares & Siqueira, 1999) . Frequency data for alleles in each ethnic group and in the total Brazilian sample were compared with those of other populations using a chi-square test for equal proportions. Differences were considered significant when P < 0.05. The analysis was performed with the SAS statistical package (SAS Institute, Cary, NC) and the software R (Software R 1.2.3; Boston, MA, 2001) (Woolf, 1955) .
Results and Discussion
The genotype distribution of the IL-2 polymorphism in the 76 individuals was consistent with the assumption of Hardy-Weinberg equilibrium (P > 0.05; χ 2 = 0.0008). The chi-square test applied to the IL-2 gene polymorphism showed that the allele frequency in the Brazilian population (all ethnic groups included) was similar to that in UK populations from Manchester ( John et al., 1998) and the south-east of England (Reynard et al., 2000) (P > 0.05; χ 2 = 2.424) ( Table 1) . When the Caucasian Brazilian group was compared to the populations from Manchester and the south-east of England, the similarity was stronger (P > 0.05; χ 2 = 0.961). This result indicates that the allele frequency of the IL-2 gene polymorphism in the Caucasian population of south-east Brazil does not differ from that of the Caucasian populations of the UK. The Black and Mulatto groups were also compared to the Caucasian Brazilians (Black: P > 0.05; χ 2 = 2.229; Mulatto: P > 0.05; χ 2 = 0.825) and the UK populations (Black: P > 0.05; χ 2 = 3.459; Mulatto: P > 0.05; χ 2 = 1.619), and no statistical differences were observed. This result might have been different if we had had more individuals in these groups, but the proportion of Black and Mulatto individuals included in our analysis was similar to that found in the population of south-east Brazil.
With respect to the IL-4 polymorphism (n = 114), the Hardy-Weinberg analysis of the genotype data indicated that the frequencies were in the expected equilibrium and were thus randomly distributed (P > 0.05; χ 2 = 0.5459). The frequencies of the IL-4 polymorphism in Brazilian and other populations are shown in Table 2 . The chisquare test for equal proportions showed no statistical differences in the T allele frequency between Brazilian (all ethnic groups together, 37.3%) and UK (31%) populations (P > 0.05; χ 2 = 2.595). When the frequency of the T allele in the Caucasian Brazilian group (32.1%) was compared to that in the UK population (31%) (P > 0.05; χ 2 = 0.073), we found an even closer similarity than when the different Brazilian ethnic groups were analysed together. The strong similarity between the IL-4 T allele frequency in the Caucasian Brazilian group and the UK populations is explained by the predominance of individuals of European ancestry in the population of south-east Brazil (IBGE, 2000) . Our results are in agreement with HLA polymorphism studies in a Caucasian population from Paraná State (south Brazil, with a similar ethnic composition), whose alleles are predominantly of European origin (80.6%) . The Caucasian Brazilian group showed no statistical difference from the Australian population (P > 0.05; χ 2 = 2.08), which also consists mainly of individuals of European ancestry.
The frequency of the T allele in the Caucasian Brazilian group (32.1%) was different from that in Japanese (70%, P < 0.05; χ 2 = 74.99) and Kuwaiti Arab (75.5%, P < 0.05; χ 2 = 46.74) populations. We speculate that the lower frequency of the T allele in the Caucasian Brazilian group than in the Arab and Asian populations could be explained as follows: (i) Asian and Arab immigration, mainly from Japan, Lebanon and Syria, was more recent than European immigration (Alves-Silva et al., 2000) ; (ii) the proportion of immigrants from Asia and the MiddleEast (2%) is lower than that of immigrants from other regions (Callegari-Jacques & Salzano, 1999) . For these reasons, the genetic contribution of Asians and Arabs to the Brazilian population analysed is probably negligible.
Although the sample size of the Black Brazilian group was small, there was a significant increase of the T allele frequency in this group (69.2%) in comparison with the Caucasian Brazilian group (32.1%). Interestingly, the allele frequency was close to those of Asian and Arab groups. The reported T allele frequency of IL-4 was 70% for Japanese (P > 0.05; χ 2 = 0.007) and 75.5% for Kuwaiti Arab (P > 0.05; χ 2 = 0.422) populations (Noguchi et al., 1998; Hijazi & Haider, 2000) . It would be interesting to obtain data on allele frequencies in African populations, as all Brazilian ethnic groups may exhibit some degree of racial admixture (Arpini-Sampaio et al., 1999; Callegari-Jacques & Salzano, 1999; AlvesSilva et al., 2000) . Regarding the Mulatto Brazilian Reynard et al. (2000) . Noguchi et al. (1998); group, the comparison of the IL-4 allele frequency with that of other populations revealed that the frequency was not statistically different from those found in UK (P > 0.05; χ 2 = 1.215) and Australian (P > 0.05; χ 2 = 2.581) populations. The IL-4 allele frequency in the Mulatto Brazilian group was more similar to that in the Caucasian Brazilian group (P > 0.05; χ 2 = 0.887) than to that in the Black Brazilian group (P < 0.05; χ 2 = 3.848). However, it is important to note that the Mulatto group was composed of only 12 individuals. The analysis of a larger sample of this subpopulation would give a more precise indication of the allele distribution. In our sample there were no Amerindian or Japanese individuals. It would be interesting to investigate the frequencies of the IL-2 and IL-4 polymorphisms in these populations, as studies on other genes have previously been carried out (Faucz et al., 2000; Probst et al., 2000) .
PCR-RFLP analysis of interleukin polymorphisms can be used as a rapid method for screening a population, providing data on allele and genotype frequencies. Our data showed that the interleukin polymorphisms might be used as markers in population genetic studies, and can complement data obtained by mitochondrial DNA analysis (Chen et al., 1995; Alves-Silva et al., 2000) and analysis of the non-recombining portion of the Y chromosome (Carvalho-Silva et al., 2001) . These findings indicate that the allelic frequencies of the −330 (T → G) IL-2 and −590 (T → C) IL-4 gene polymorphisms in the population of south-eastern Brazil approach those of the European population.
